Abstract: Heat-inducible DNA fragments of Bacillus subtilis were cloned with two different promoter probe vectors. The increased synthesis of the reporter enzymes seemed to be due to a transient increase in the transcription of the encoding genes. The structure of the heat-sensitive promoters resembles the consensus sequence of promoters recognized by the vegetative form of RNA polymerase of B. subtilis. Our results support data in literature that the heat shock response of B. subtilis is regulated by a different mechanism than in Escherichia coli, where alternative sigma factors direct the transcription of heat shock genes.
Introduction
In their natural environment, bacilli must cope with a wide variety of environmental stresses which have forced the development of adaptational strategies in order to keep viability. The heat shock response, which constitutes an important component of this adaptational network, is characterized by the induction of a defined set of proteins after a sudden increase in temperature. The induction of heat shock proteins in Bacillus subtilis has been demonstrated [1] [2] [3] [4] . Three of Correspondence to: U. V61ker, Institute of Microbiology, Ernst-Moritz-Arndt-University, Jahnstrage 15, 0-2200 Greifswald, FRG. these proteins reacted with antibodies raised against the heat shock proteins DnaK, GroEL and Lon of Escherichia coli [1] . Very recently, the dnaK locus and the groESL operon of B. subtilis have been cloned and characterized [5] [6] [7] . Furthermore, the heat shock proteins DnaK, GroEL and ClpP of B. subtilis were identified on two-dimensional SDS-polyacrylamide gels [4, 8] . The initial studies of the regulation of the dnaK locus and the groESL operon indicate that heat shock regulation occurs at the level of transcription in B. subtilis. Surprisingly, the putative promoters of these two operons resemble promoters which should be recognized by ~r 43, the vegetative sigma factor of B. subtilis [5, 7] . This is entirely different from E. coli. For E. coli it has been shown that the increased tran-scription of heat shock genes is accomplished by increasing the amount of an alternative sigma factor, 0 -32 , which recognizes the promoters of heat shock genes [9, 10] . The structure of these promoters differs significantly from the consensus sequence of promoters recognized by 0-70, the major RNA polymerase sigma factor of E. coli (see Fig. 5 ; [11] ).
Since the information on the molecular architecture of the heat shock regulon of B. subtilis is still limited and the first data indicate a mechanism of heat shock regulation which is entirely different than in E. coli, we decided to clone heat-sensitive promoters of B. subtilis.
Materials and Methods

Strains and growth conditions
The Bacillus subtilis strains 1S58 (trp, lys) [12] , BD224 (recE4, thr5, trpC2) [13] , BG314 (bg135, aroD120, trpC2) [14] , and E. coli strain JM109 [15] were routinely grown at 37°C in a complex medium. For the determination of the heat-sensitive expression of the reporter genes, the exponentially grown culture was divided and one half was incubated at 48°C for 1 h.
Cloning of heat-sensitiue DNA-fragments and screening
The promoter probe vectors pBL2 and pWH703 are derivatives of pPL703 [16] and contain a multicloning site with a unique BamHI site upstream of the promoter-less bglM or xylE gene (Fig. 1) the bgl gene were identified on agar plates containing lichenan after flooding the agar surface with 0.1% (w/v) Congo red [19] . Clear haloes surrounding the colonies indicated the production of/3-glucanase. Transformants were screened for the presence of catechol 2,3-oxygenase, encoded by pWH703, by spraying the colonies with catechol and selecting yellow colonies. Plasmid isolation, restriction enzyme analysis, DNA ligation and agarose gel electrophoresis were performed according to Maniatis et al. [20] . The promoter fragments were subcloned into pUC19 and transformed into E. coli JM109. Both strands of the DNA were sequenced by the dideoxy chain termination method of Sanger et al. [21] using plasmid DNA as template.
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Enzyme assays
Transformants were grown in a complex medium at 37°C. The fl-glucanase or catechol 2,3-oxygenase activities of cells grown exponentially at 37°C or cells shifted for 1 h to 48°C were determined. The extracellular /3-glucanase activity was measured as described previously [22] . For the determination of intracellular catechol 2,3-oxygenase, B. subtilis cells were harvested, lysed by treatment with 10 mg ml -t lysozyme for 10 min at 37°C in lysis buffer (75 mM Na-K-phosphate buffer (pH 7.5), 20 mM EDTA, 10% acetone) and incubated at 0°C for 30 min after the addition of 1/10 volume Triton X-100. The activity of catechol 2,3-oxygenase of these extracts was measured in buffer M (75 mM Na-K-phosphate; 
Measurement of 18-glucanase synthesis
For the measurement of the synthesis rate of /3-glucanase cells were grown in a synthetic medium [8] and pulse-labelled with 10/zCi ml-l [35S]L-methionine for 10 min either before or 5 min after the. shift to 48°C. Supernatants were concentrated and analysed by polyacrylamide gel electrophoresis according to Laemmli [23] . The fl-glucanase fractions were sampled and the gel pieces were dissolved by incubation in 0.4 ml hydrogen peroxide (conc.) in the presence of 0.1% 1/ug 0.5/u,g 0.25/ag 0 (v/v) NH4OH for 4 h at 50°C. After the addition of 10 ml aquasol, the radioactivity was measured by liquid scintillation counting.
Analysis of transcription
RNA isolation, dot-blot hybridization and primer extension analysis were carried out as described previously [5] . Fig. 3 . Amount of xylE mRNA before (37°C) and after heat shock (48°C) RNA was isolated from B. subtilis BD224 containing the plasmid pWH225 before and different times after the heat shock. Decreasing amounts,of RNA (1, 0.5, 0.25/xg) were transferred onto a positively charged nylon membrane and hybridized with a digoxigenin-labelled xylE fragment.
The RNA was quantified with a personal densitometer (Molecular Dynamics) and the RNA level of the control cells was set to 1.
Results and Discussion
In order to get further information on the structure of heat shock promoters of B. subtilis chromosomal DNA fragments of B. subtilis IS58
were cloned into the promoter probe vector pBL2
upstream of the promoterless bglM gene encoding/3-1,3-1,4-endoglucanase of B. macerans. The screening of the resulting clones gave rise to 15 clones which showed a temperature-dependent /3-glucanase activity. The temperature dependence of these promoter fragments was determined by comparing the /3-glucanase activity in the supernatant of bacteria grown either at 37°C or shifted to 48°C (see Fig. 5 ). The induction of the reporter enzyme /3-glucanase by heat stress could be confirmed by measurements of the synthesis rate of fl-glucanase before and after the temperature shift by pulse labelling with The level of bglM RNA did not increase in response to heat stress when the synthesis of bglM was directed by a strong promoter of the phage SP02 (Fig. 2B) . The temperature-dependent promoter fragments were sequenced and the startpoints of transcription were determined by the primer extension method (Figs. 4A, 5) . Surprisingly, we found presumable promoter structures which might be recognized by a RNA polymerase containing the vegetative sigma factor (0 "43) of n.
subtilis. Furthermore 14 of the 15 temperaturesensitive promoters (e.g. pBL108, pBL1513, pBL2637) turned out to be fusion promoters whose -10 region was derived from vector se-291 quences. Even if these presumable promoters would be artificial constructs, they revealed a clear inducibility by heat and this induction was specific because the majority of the promoters cloned could not be induced by heat stress. In case of pBL1048, both the -10 region and the -35 region were located on the fragment cloned (Fig. 5 ). Imanaka and Takagaki [24] described a heat-sensitive promoter fragment of B. subtilis and found promoter structures which could be recognized by 0-43. However, these authors did not characterize their promoter fragment in detail (Fig. 5) . We started a further promoter cloning using the promoter probe plasmid pWH703 which carries a multiple cloning site upstream of the promoterless xylE gene coding for catechol-2,3-oxygenase, because most of the promoters analysed above were fusions between a cloned -35 region and a -10 region derived from vector sequences. Various heat-sensitive clones were identified. The synthesis of the intracellular catechol-2,3-oxygenase directed by these heat-sensi- tive DNA-fragments increased after the heat shock (Fig. 5 ). This increase of catechol-2,3-oxygenase activity was due to a transient increase in the amount of xylE mRNA (Figs. 3, 4B) . The sequence and primer extension analysis revealed putative promoters which consist of -35 and -10 regions that might be recognized by the vegetative form of RNA polymerase of B. subtilis (Figs. 4B, 5) . Our results support the data of Schumann and co-workers, who showed that the dnaK and the groESL locus of B. subtilis are transcribed from potential tr43 promoters [5, 7] . Bahl and colleagues found similar promoter structures in front of the dnaK and groESL loci of Clostridium acetobutylicum [25, 26] . Interestingly, all these operons encode chaperone genes and are characterized by the presence of a conserved palindromic structure immediately after the startpoint of transcription which might be involved in the induction of these operons by heat. We could not find such a palindromic structure downstream of our heat-sensitive promoters. We are currently investigating if the genes coding for other stress proteins might be induced by a different mechanism than the groESL and dnaK operon, which does not need this palindromic structure.
